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(54) RETICLE AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To easily produce a reticle with high 
precision in the lithography using vacuum UV. 
CONSTITUTION: An electron beam-sensitive resist 12 
having almost 0% transmissivity to an ArF excimer laser 
(193nm) is applied on a quartz substrate 11, and a 
desired pattern is drawn on the resist 12 by an electron 
beam and developed to form a resist pattern. The resist 
pattern thus formed is used as a reticle in ArF excimer 
laser lithgraphy, and the reticle is easily produced with 
high precision. The reticle 16 is irradiated with an ArF 
excimer laser 15 to expose an ArF photosensitive resist 
14 on an Si substrate 13, and a desired pattern is 
transferred with high contrast. 
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[Detailed Description of the Invention] 
[0001] 

5 [Field of the Invention] 

The present invention relates to photolithography for 
a semiconductor device and, particularly, to the structure 
of a reticle and a process for producing a reticle in 
photolithography using vacuum ultraviolet light as a light . ' 
10 source. 
[0002] 

[Related Art] 

Photolithography has high throughput and makes it 
possible to form a fine pattern as it uses a reticle to reduce 

15 a pattern in a s tep-and-repeat manner and project the 

reduced pattern. Therefore, it is an essential technology 
for the mass-production of LSI's. When the wavelength of 
light is represented by X and the numerical aperture of a 
lens is represented by NA, the resolution R of 

20 photolithography is obtained' from R = klAVNA. Kl is a 
constant which depends on the resist material and the 
process. As seen from the above expression, as the pattern 
dimension diminishes, photolithography using a light source 
having a shorter wavelength is needed. The development of 

25 VLSI is under way using i-line (365 nm) and KrF excimer laser 
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■ (248 run) as a light source. In order to develop VLSI having 
a finer pattern, a stepper using a light source having a 
shorter wavelength (vacuum ultraviolet range) will be 
• indispensable. For instance, a stepper using an ArF excimer 
5 laser (193 run) is conceivable. Meanwhile, as the pattern 
rule is becoming finer, problems such as an increase in the 
production cost of a reticle and the processing accuracy of 
a reticle caused by a growing amount of pattern data will 
arise. 
10 [0003] 

As for the structure of a conventional reticle, a Cr 
thin film is deposited on a light screening portion of a 
glass substrate. A conventional process for producing a 
.reticle is shown in Fig. 5. A Cr thin film 51 is deposited 

15 on a quartz substrate 11 to a thickness of 80 run; An electron 
beam photosensitive resist 12 is applied to the Cr thin film 
51 to a thickness of 500 nm (Fig. 5(a) ) . An arbitrary pattern 
is. drawn on the electron beam photosensitive, resist 12 with 
an electron beam and developed ( Fig .'5(b)). The Cr thin film 

20 51 is etched with an etchant. prepared by dissolving eerie 
antimony nitrate and perchloric acid by using the electron 
beam photosensitive resist pattern 12 as a mask (Fig. 5(c)). 
The electron beam photosensitive resist 12 is removed by 
isotropic dry etching with 0 2 plasma to form a reticle (Fig. 

25 5(d))". 
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[0004] 

[Problem to Be Solved by. the Invention] 

The. reticle production process has a large number of 
steps such as the deposition of a Cr thin film, electron beam 
5 lithography, wet etching and the removal of a resist due to 
the above constitution, thereby boosting cost. As a size 
difference between the resist pattern and the finally formed 
Cr pattern is produced by isotropic etching in the step of 
• wet etching the Cr thin' film, when the pattern rule is 
10 further reduced, ' the processing accuracy of the reticle 
cannot be ignored. 
[0005] 

It is an object of the present invention to provide 
a process for producing a high-accuracy reticle, having a 
15 small number of steps in photolithography at a vacuum 
ultraviolet range. 
[0006] 

[Means for Solving the Problem] 

The present invention provides a reticle having a 

20 structure' that a resist pattern is formed on a glass 

substrate. Particularly, it provides the above reticle in 
which the resist pattern does not transmit vacuum 
ultraviolet light. Further, it provides a process for 
producing a reticle, comprising the step of applying a- 

25 resist to a glass substrate, the step of exposing the resist 
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and the step of developing the resist. Particularly, . it 
provides the above process for producing the reticle, 
. wherein the resist does not transmit vacuum ultraviolet 
light. Desirably, it provides the above process for 
5 producing a reticle, wherein the step of exposing the- resist 
is carried out by using an electron beam. Further, it 
provides the above process for producing a reticle, which 
further comprises the step of heating the- resist. 
[0007] 

10 ' [Function] 

In the present invention, a resist which does not 
transmit vacuum ultraviolet light is applied to a glass 
substrate, exposed and developed, to form a resist pattern, 
thereby producing a reticle. Since the resist pattern does 

15 not transmit vacuum ultraviolet light, this resist pattern 
can become the light screening portion of a reticle in 
photolithography using vacuum ultraviolet light as it is. 
That is, a reticle formed with a resist pattern which does 
not transit vacuum ultraviolet light makes possible the 

20 transfer of a high-contrast pattern like a reticle formed 
with a Cr thin film in the prior art. Therefore, the 
production process of the prior art consists of four steps 
- the deposition of a Cr thin film, electron beam 
lithography, wet etching, and the removal of a resist, 

25 whereas the reticle production process of the present 
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. invention consists of .only one step of electron beam . 

lithography, thereby making it -possible to greatly reduce 
• the number of steps. In the prior art, there is a size 
difference between a resist pattern and the finally formed 
5 Cr pattern in the step of wet etching a Cr thin film due to 
the prpperty of isotropic etching,' thereby deteriorating 
processing accuracy. In contrast to this, since the present 
invention has no etching step, a reticle can be produced with 
higher accuracy.' Since the resist pattern formed on the 
10 glass substrate is cured by heating .in the present 

invention, damage by the irradiation of vacuum ultraviolet' 

light can be prevented. 

[0008] 

Therefore, a high-accuracy reticle can be effectively 
15 produced in photolithography using vacuum ultraviolet light 
simply by applying the present invention. 
[0009] 

[Embodiments] 

The process for producing a reticle according to an 
20 embodiment of the present invention will be described with 
reference to the accompanying drawings. The structure of 
a reticle and the process for. producing a reticle in 
photolithography using vacuum ultraviolet light, 
particularly an ArF excimer laser will be described herein. 
25 [0010] 



(Figs. 1) "show the structure of a reticle and an ArF 
excimer laser exposure method in the embodiment of the 
present invention. As for the - structure of a reticle, an 
electron beam photosensitive resist pattern 12 is formed on 
a quartz substrate 11 . As for the ArF excimer laser exposure 
method, the reticle 16 having the above structure is exposed 
to light from an ArF excimer laser 15 to transfer a. pattern 
to an ArF photosensitive resist 14 applied to an Si substrate 
13. .(Fig. 2) shows the ultraviolet light transmission 
characteristics of the'. electron beam photosensitive .resist 
12 and the ArF photosensitive resist 14. As shown in the 
figure, the electron beam photosensitive resist 12 has a 
transmittance of almost 0 percent for ArF (193 nm) and the 
ArF photosensitive resist 14 has a transmittance of -about 
80- percent. Thus, the electron beam photosensitive resist 
12 is made from a material which does not transmit ArF (193 
nm) , thereby making possible the transfer of a high-contrast 
pattern in ArF excimer laser lithography. 
[0011] 

(Figs. 3) are sectional views showing the production 
process of a reticle according to a firs t ' embodiment of the 
present invention. As shown in (Fig. 2), an electron beam 
photosensitive resist 12 which has a transmittance of almost 
0 percent for ArF (193 nm) is applied to a quartz substrate 
11 to a thickness of 500 nm and heated" at 90°C for 60 seconds 
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(Fig. 3(a)). The electron beam photosensitive resist. 12 
formed on the quartz substrate 11 is exposed to an electron 
beam to draw a desired pattern and developed to. form a resist 
pattern, thereby producing a reticle (Fig. 3(b)). 
5 [.0012] 

As described above, according to this embodiment, 
since the resist pattern formed on the quartz substrate does 
not transmit ArF excimer laser light, in photolithography 
using an' ArF excimer laser, the resist pattern can become 

10 the light .screening portion of the reticle as it is. '. That 
is, the reticle formed with the resist pattern which does 
not transmit ArF excimer laser light in this embodiment 
makes possible the transfer of a high-contrast pattern like 
a reticle formed with a Cr thin film in the prior art. 

15 Therefore, the process of the prior art consists of four 
steps - the deposition of a Cr thin film on a quartz 
substrate, the formation of a pattern by electron beam 
lithography, the wet etching of the Cr thin film and the 
removal of a resist, whereas the reticle production process 

20 of this embodiment consists of - only one step of forming a 
■ pattern by electron beam lithography, thereby- making it 
possible to greatly reduce the number of steps. Since a 
size difference between the resist pattern and the finally 
formed Cr pattern is produced due to the property of 

25 isotropic etching in the step of wet etching the Cr thin film 
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in the prior art process, the processing accuracy is low. 
As there is no etching step in this embodiment, there is no 
size difference and a reticle can be produced with high 
accuracy. 
5 [0013] 

In this embodiment, there have been described the 
structure of a reticle and the reticle production process 
in photolithography using vacuum ultraviolet light, ' 
particularly an ArF excimer laser (193 nm) as a light source . 

10 . Even when light having another wavelength is used as a light 
source, a resist pattern formed on a quartz substrate must 
have a transmittance for light as a light source of almost' 
0 percent as well. Although electron beam lithography is 
used to form a resist pattern on the quartz substrate in this 

15 embodiment, photolithography may be used if a resist has a 
transmittance for light used as a light source for the 
transfer of the reticle pattern of almost 0 percent. 
• Although the substrate of this embodiment- is made from 
quartz, another glass material may be used if it has a 

20 sufficiently high transmittance for light used as a light 
source for the transfer of the reticle pattern. 
[0014] 

(Fig. 4) is a sectional view showing the process for 
producing a reticle according to a second embodiment of the 
25 present invention. As shpwn in (Fig. 2), an electron beam 
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photosensitive resist 12 which has a transmittance for ArF 
(193 run) of almost 0 percent is applied to a quartz substrate 
11 to a thickness of 500 nm and heated at 90°C for 60 seconds 
(Fig. 4(a) ) . The electron beam photosensitive resist 12 
5- formed on the quarts substrate 11 is exposed to an electron 
beam to form a desired pattern -and developed to form a resist 
pattern (Fig. 4(b)). The electron beam photosensitive 
resist pattern 12 is exposed to far ultraviolet radiation 
41 and heated at 200°C for 120 seconds to be cured, thereby 
10 producing a reticle (Fig. 4(c))'. 
[0015] 

As described above, according to this embodiment, 
since the resist pattern formed on the quartz substrate does 
not transmit ArF excimer laser light, in photolithography 

15 using an ArF excimer laser, this resist pattern can become 
the light screening portion of. a reticle as it is. That is, 
a reticle formed with a resist pattern which does not 
transmit ArF excimer laser light in this embodiment enables 
the transfer of a high-contrast pattern like a reticle 

20 formed with a Cr thin film in the prior art. Therefore, the 
production process of the prior art consists of four steps 
- the deposition of a Cr thin film on the quartz substrate, 
the formation of a pattern by electron beam lithography, the 
wet etching of the Cr thin film and the removal of .the resist, 

25 whereas the reticle production process of this embodiment 
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consists of only one step of forming a pattern by electron 
beam lithography, thereby making it possible to reduce the. 
' number of steps. In the step of wet etching the Cr thin film 
in the prior art process, .a size difference between the 
5 resist pattern and the finally formed Cr pattern is produced 
due to the property of isotropic etching, thereby 
deteriorating "the processing accuracy. In this embodiment, 
there is no size difference as there is no etching step, 
thereby making it possible to produce a reticle with higher 

10 accuracy. Particularly in this embodiment, after the 

■formation of a resist pattern, the resist is exposed to far 
ultraviolet radiation to be cured, whereby the resist is not 
damaged by exposure to ArF excimer laser light and the- 
reliability of the reticle can be improved. 

15 [0016] 

In this embodiment, there have been described the 
structure of .the reticle and the reticle, production process 
in photolithography using vacuum ultraviolet light, 
particularly ArF excimer laser light (193 nm) .. When light 

20 having another wavelength is used as a light source, the 
resist pattern formed on the quartz substrate must have a 
transmittance for light used as a light. source of almost 0 
percent as well. Although electron beam lithography is used 
to form a resist pattern on the quartz substrate in. this 

25 embodiment,, photolithography may be used if the resist has 
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a transmittance for light used as a light source for the 
transfer of the reticle pattern of almost 0 percent. 
Although a quarts substrate -is used in this embodiment, 
another glass material may be used if it has a sufficiently 
5 high transmittance for light used as a light source for the 
transfer of the reticle pattern. Although- exposure to far 
ultraviolet radiation is used to cure the resist pattern in 
this embodiment, the substrate may be directly heated to 
cure the resist pattern. 

10 [0017] 

[Effect of the Invention] 

As described above, according to the reticle and the 
reticle production process of the present invention, a 
resist which does not transmit vacuum ultraviolet light is 

15 applied to a glass substrate, exposed to light and developed 
to form a resist pattern, and the formed resist pattern, is 
directly used as a reticle in photolithography using vacuum 
ultraviolet light as a light source. Therefore, the number' 
of steps of the process for producing a reticle can be made 

20 smaller than the process of the prior art which uses a Cr 
thin film. This reduction in the number -of steps greatly 
contributes to a cutback in the reticle product ion cost . In 
the step of wet etching the Cr thin film in the prior art 
process, a size difference between the resist pattern and 

25 . the finally formed Cr pattern is produceddue to the property 



-12- 



of isotropic etching, thereby deteriorating the processing 
accuracy. In the present invention, as the reticle 
production process consists of only the step of forming a 
resist pattern and does not have an etching step, it has no 
5 size difference problem, .thereby making it possible to 
.produce a reticle with high accuracy. Particularly, the 
step of heating the formed resist pattern in the present 
invention can cure the resist, prevent damage by exposure 
to vacuum ultraviolet light and contribute to the production 

10 of a reticle having high reliability. Therefore, the 
. present invention serves effectively for the production of 
a high-accuracy reticle at a low cost in photolithography 
using vacuum ultraviolet light, thereby greatly, 
contributing to the production of VLSI. 

.15 [Brief Description of the Drawings] 
[Fig-. 1] 

This is a diagram for explaining the structure of a 
reticle and the method of exposing the reticle to ArF excimer 
laser light in a first embodiment of the present invention. 
20 [Fig. 2] 

This is a diagram of ultraviolet light transmission 
characteristics of an ArF photosensitive resist and an 
electron beam photosensitive resist in Fig. 1. 
[Fig. 3] 
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This is a sectional view showing the process for 
producing a reticle in the first embodiment of the present 

• invention . 

• [Fig. 4] 

5 This is a sectional view showing the process for 

producing a reticle in a second embodiment of the. present 
invention. 
[Fig. 5] 

This is a sectional view showing the process for 
10 producing a reticle in the prior art. 
[Explanation of Reference Symbols] 

11 quartz substrate 

12 . electron beam photosensitive resist 

13 silicon substrate 

15 14 ArF photosensitive resist 

15 ArF excimer laser 

16 Reticle 

41 far ultraviolet radiation 
51 Cr thin film 



